The selection, isolation and kinetic study of a bacterial consortium obtained from a sample of soil from the Potengi mangrove, located in the city of Natal, Rio Grande do Norte, Brazil, has been carried out using the enrichment culture technique to observe aspects such as the evaluation of main growth parameters. The kinetic study used a rotary incubator shaker at 150rpm, under 30°C. The bacterial consortium isolated from the estuary of the Potengi River showed a good acclimation in minimum mineral medium with 1% (v/v) of oil. The cell concentration reached 2.55 g/L at 16h of cultivation and surface tension dropped. The maximum productivity in cells obtained was of 0.3 g/L.h, the specific velocity of growth was of 0.075h -1 , with a generation time (tg) of 9.24h. This study seeks to demonstrate that the consortium can be used as inoculants in biological treatments, capable of reducing the waste's degradation time.
INTRODUCTION
For decades, the incidence of oil pollution and its threats have led to the development of extensive research efforts seeking to minimize environmental damage. The anthropogenic impact on the environment through the extraction of petroleum represented a fate for the environment. Tanker accidents are considered the major causes of oil pollution in marine environments ( The enrichment-culture technique allows the isolation of pure cultures of bacteria and fungi, which are able to use a large number of organic molecules to obtain carbon and energy. The method is based on the selective advantage gained by an organism that has the ability to use a particular test compound to get carbons and energy in a medium containing inorganic nutrients but no other sources of carbons and energy (Alexander, 1999). Under these conditions, solely the species that are able to grow by utilizing carbons will multiply. A limited number of bacteria and fungi will proliferate in this medium. Actually there is a great effort in the development of techniques that can be used in order to reduce oil spill. The primary objective of this study is to isolate bacterial strains capable of utilizing crude oil in order to obtain a consortium of hydrocarbon-degrading bacteria. This study describes the results of an effort to isolate and assay a kinetic growth of a bacterial consortium isolated from a mangrove estuary river for possible use in recovery proceedings of polluted areas nearby.
MATERIALS AND METHODS

Study area and sampling
The sediment samples were collected from the mangrove area of the Potengi estuary, see Surface sediment samples with sizes of up to 5cm were collected randomly in triplicate from an area of around 1m 2 at the center of each mangrove transect area during low tide. Sediments samples were transferred to 100mL sterilized plastic bottles for microbiological analysis within 24h of collection and transported to the Biochemical Engineering Laboratory of the Federal University of Rio Grande do Norte, UFRN, in an icebox and stored in a dark room. A global positioning system was used to determine the sampling positions.
Enrichment cultures
The selection of hydrocarbon-degrading microorganisms was made using the technique of enrichment cultures ( o C for 5 days. Then, all colonies that differed in appearance were picked and streaked two more times in order to isolate the colonies. As control, flasks containing mineral medium and crude oil without sediments were incubated at the same temperature as the actual samples ones.
Preliminary identification
The preliminary identification step was performed by Gram stain. All gram-positive and gram-negative results obtained by Gram staining were confirmed by KOH method. To perform the test, place a drop of 3% aqueous KOH on a slide. Using a sterile loop, transfer a visible amount of bacterial growth from on agar culture to the drop of KOH. Mix the cells and KOH thoroughly on the slide, constantly stirring over an area about 1.5 cm in diameter. If the bacterium-KOH suspension becomes markedly viscid or gels within 5 to 60 s, the isolate is gram negative. If no gelling is observed, is gram positive (Buck, 1982). All cultures were checked for the purity using an optical microscope.
Bacterial consortium
An oil degrading microbial consortium was obtained with the use of the enrichment culture technique (Jacques et al., 2008) . This consortium was composed of ten bacteria, being five grampositive and five gram-negative. The bacterial isolates were stored separately in a marine agar medium with 1% of crude oil at 4°C (Costa, 2005 (Costa, , 2010 . Cells of each isolate were transferred to Erlenmeyer flasks, with 250 mL capacity, containing 90 mL of the mineral medium plus 1% of crude oil as sole carbon source. The flasks were sterilized by autoclaving at 121°C for 20 min and incubated in orbital shaker (150 rpm) at 30°C. The mineral medium used was the same as the one used in item 2.2. The pH was adjusted to 7 (Sakata et al., 2004). After 96 h, 100 µL of this culture of the microbial consortium was transferred to a marine agar medium which had 1% of oil. The culture was spread on the plate surface and incubated at 30°C for 72h. Thereafter, 5 mL of sterile water was added to the plates and the consortium colonies were collected in the tube. The cell suspension was centrifuged by a Eppendorf model 5415D centrifuge under 13,000 rpm, for 15 minutes at 25°C. The pellet was suspended in a given volume of sterile water. Erlenmeyer flasks of 250mL, containing 89 mL of mineral medium and 1mL of crude oil were inoculated with 10 ml of the cell suspension of the microbial consortium, introducing a population of 2.0 x 10 8 CFUg -1
(Kästner et al., 1998; Sakata et al., 2004).
After the inoculation, the Erlenmeyer flasks were incubated in an orbital shaker under 150 rpm at 30°C and the microbial consortium was assayed for kinetic growth. In order to obtain the samples' kinetic growth, the study samples were kept under agitation of 150 rpm at 30°C. During a period of 32 hours, divided in four hour increments, the consortium's biomass, surface tension, specific growth rate, generation time, and productivity were checked.
Biomass content (X)
The cell density was determined by measuring the culture's optical density, O D, at 615nm with a Genesys 10 UV Thermo Spectronic spectrophotometer. The cell concentration was obtained by calculating the dry cell weight. The determination of the weight of the dried out cells' was achieved by centrifuging the sample broth at 13,000xg for 15 min and, then, drying the cell to a constant weight at 80°C (Shim et al., 2005 ).
Productivity in cells (P x )
The productivity of biomass (P x ) is an important parameter for evaluating the performance of a fermentation process (Liria, 1995) . It represents the increase of cell concentration (g/L) during a given time interval (t-to) (h), as seen in Equation 1. ( 1) where, P x is the productivity in cells (g/Lh), X F is the final cell concentration (g.L 
Determination of the surface tension (mN/m)
Surface tension measurements were performed by the Wilhelmy plate method using the Krüss K100MK2 tensiometer (Klomfar et al., 2010) . In the plate method the liquid is raised until the contact between the surface or interface and the plate is registered.
The tension is calculated using the following Equation 2: (2) where, σ is surface or interfacial tension, F is auf force acting on the balance, L is wetted length and θ is contact angle
Specific growth rate
The kinetic parameters were obtained according to Baily and Ollis (1986) and Ahmad and Holland (1995). The specific growth rate, µ, is a measure of how quickly the cell population is growing. The higher the value of µ, the greater the consortium growth is. Specific growth rates, at different times, were determined numerically after fitting the cell mass concentration to a polynomial function and performing further calculations. Equations (3) and (4) show the formulas used to determine the consortium's growth rate. In the following equations, µ is the specific growth rate (h -1 ), X is the cell concentration (g.L -1 ), and t is the time (h). (3) where, µ max is the maximum specific growth rate of the microorganism (h 
The generation time
The generation time, which corresponds to the time required for the microorganism concentration to double in exponential phase, was calculated according to Equation (5) provided by Ahmad and Holland (1995). In this equation tg is the generation time (h) and µ max is the maximum specific growth rate of the microorganism (h -1 ).
(5)
RESULTS AND DISCUSSION
In the present study, thirteen bacterial strains were isolated using the technique of enrichment cultures. However, the bacterial consortium enriched from Potengi mangrove sediments was formed by just ten strains that were the best petroleum degraders. Figure 2 shows the evolution of cell concentration of the bacterial consortium during the cultivation period of 32h. It was observed an absence of lag phase, suggesting a good acclimation of the consortium in culture medium.
As can be seen in Figure 2 the bacterial consortium showed a final cellular concentration of approximately 2.55g/L for 16h of cultivation. It was also observed a productivity of 0.3g/L.h in 4h as shown Figure 3 . Figure 4 shows the evolution of the surface tension and the cell concentration of the bacterial consortium during the 32h of cultivation. It can be seen that the surface tension, an indirect measure of biosurfactant production, decreased as the cell concentration increased. This reduction of approximately 12% occurred in both the exponential and the stationary phase.
In light of the considerations above, there is evidence that the bacterial consortium isolated from Potengi River has the potential to produce biosurfactants. This is a finding of great importance, since the consortium could be used as inoculums in biodegradation tests to optimize the efficiency of oil degradation. The maximum growth rate was of 0,075 h -1 , calculated based on the duration of the log phase and the initial and final cell concentrations. In this case, the generation time (tg) was of 9.24h.
CONCLUSIONS
In the process of selection and isolation of microorganisms capable of degrading oil that were present in the estuary Potengi, Rio Grande do Norte, Brazil, were obtained 13 strains of bacteria which were able to use oil as a sole source of carbon and energy. The consortium obtained showed a cellular concentration of approximately 2.55g/L at 16h of cultivation. The maximum productivity obtained in cells was of 0.3g/L.h in 4h of cultivation. The specific speed of growth of the bacterial consortium was of 0.075 h -1 , giving a generation time of 9.24h. The consortium was able to produce a biosurfactant that can be used in biodegradation tests to optimize the degradation process and in bioremediation strategies in the event of an oil spill or in treatment of waste oil. Future studies will be carried out in order to quantify oil degradation. 
